Introduction {#sec1-1}
============

Chronic subdural hematomas (CSDH) are usually encountered in the elderly, particularly after minor head injury. The annual reported incidence of CSDH is approximately 0.001--0.002%.\[[@ref1]\] CSDH is a common neurosurgical problem that is still associated with significant morbidity and mortality.\[[@ref2]\] Pneumocephalus is defined as the presence of air within any of the intracranial compartments. CSCHs are commonly associated with cerebral atrophy and the associated increase in potential space in the subdural area. This factor helps air collection after surgery.\[[@ref3]\] Two types of pneumocephalus exist; simple and tension types. In clinical practice, it is of significant importance to differentiate simple from tension pneumocephalus. Simple pneumocephalus is typically asymptomatic and requires no treatment. Tension pneumocephalus refers to air collection under pressure compared with the outside atmospheric pressure, when, in most circumstances, a valve mechanism allows air to enter the skull but prevents it from escaping, thus creating a pressure differential.\[[@ref4]--[@ref6]\] Clinical presen-tation includes headaches, nausea and vomiting, seizures, hemiparesis, dizziness, and depressed neurological status. Tension pneumocephalus usually requires an emergent management.\[[@ref4]\]

The aim of this work was to study the incidence, clinical presentation, and management of patients who developed pneumocephalus after surgical evacuation of chronic subdural hematoma.

Materials and Methods {#sec1-2}
=====================

This prospective study was carried out on consecutive 50 patients who had received surgical treatment for chronic subdural hematomas. This study was done in Alexandria hospitals over a period of three years starting from April 2008 to April 2011. The male to female ratio was 1.3 to 1 (28 male and 22 female) and their ages ranged from 33 till 91 years with mean age of 63.9 years.

With regard to the clinical presentation, headache was the most common presentation found in 16 patients (32%), followed by neurological deficit in 14 patients (28%), cognitive disturbances in 7 patients (14%). Other presentations for chronic subdural hematoma in the present study included; disturbed sensorium in five patients, ataxia in five patients, and seizures in three patients.

In all cases, computed tomography (CT scan) was performed to evaluate the location and size of CSDH as well as the degree of midline shift if present. The hematoma was on the right in 21 cases, on the left in 20 cases, and bilateral in 9 cases.

Surgery was performed under general anesthesia in 36 patients and under local anesthesia in 14 patients. The surgical procedure included burr-hole craniotomy (single or double) in 42 patients and craniotomy flap in eight patients (depending on hematoma type). Surgical evacuation of the subdural collection was done by dural and hematoma membrane incision followed by repeated saline irrigation and drainage in all the cases. Postoperative, the patients were nursed in a flat position and drains were removed after 2--5 days. Drainage time depended on the amount of subdural fluid observed in the drains.

All patients underwent sequential CT scans immediately postoperatively, before discharge, and 2 months after surgery. Generally, CT scan was done to quantify the decrease in the hematoma thickness, and presence or absence of pneumocephalus. More frequent repeat CT scans were obtained if the patients showed unexpected neurological deterioration. The average stay in the Department of Neurosurgery was 6.2 days, ranging from 3 to 29 days.

The neurological grading system of Markwalder *et al*.\[[@ref7]\] on admission and at discharge was used to evaluate the surgical results \[[Table 1](#T1){ref-type="table"}\]. Good pre- and post-operative results were considered in patients graded 0--2 and bad pre- and post-operative results in patients graded 3--4.

###### 

The neurological grading system of Markwalder *et al*
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Statistical analysis {#sec2-1}
--------------------

Data were analyzed using Statistical Package for the Social Sciences (SPSS) software package version 18.0 (SPSS, Chicago, IL, USA). Qualitative data was expressed in frequency and percentage. Qualitative data was analyzed using Fisher exact test to compare different groups. Odds Ratio was calculated to predict the risk factor. p value was assumed to be significant at ≤0.05.

Results {#sec1-3}
=======

Post-operative morbidity {#sec2-2}
------------------------

Among the 50 cases operated for surgical evacuation of CSDH; we had recurrence in 9 cases, wound infection in 4 cases, medical complications (pneumonia and deep vein thrombosis) in 4 cases, epilepsy in 3 patients, subdural empyema and intracerebral hemorrhage in two cases each.

Immediate postoperative pneumocephalus {#sec2-3}
--------------------------------------

With regard to the presence of pneumocephalus in the immediate postoperative CT scan; pneumocephalus was observed in 22 patients (44% of the cases) \[Figures [1](#F1){ref-type="fig"}--[5](#F5){ref-type="fig"}\]; simple pneumocephalus in 20 patients (40%) \[Figures [1](#F1){ref-type="fig"}, [3](#F3){ref-type="fig"}--[5](#F5){ref-type="fig"}\]; and tension pneumocephalus in two patients (4%) \[[Figure 2](#F2){ref-type="fig"}\]. The most common age population in which pneumocephalus was observed between 60-80 years detected in 14 patients (64% of cases of pneumocephalus), followed by age group more than 80 years in five patients (23% of cases of pneumocephalus), and lastly age group between 40-60 years in three patients (13% of cases of pneumocephalus) \[[Table 2](#T2){ref-type="table"}\]. Midline shift more than 5 mm was found in 12 patients, while in the other 10 patients, there was no midline shift or it was less than 5 mm \[[Table 3](#T3){ref-type="table"}\].

![(a) CT scan (axial view) showing left frontal CSDH in a 50-year-old male patient; (b) Immediate postoperative CT scan (axial view) following burr-hole craniotomy showing left frontal pneumocephalus; (c) Follow-up CT scan (axial and sagittal views) before discharge showing nearly complete resolution of pneumocephalus; (d) Follow-up CT scan (axial view) after 2 months showing complete resolution of pneumocephalus](AJNS-7-66-g002){#F1}

![(a) CT scan (axial view) showing right frontopareital CSDH with midline shift more than 5 mm in a 60-year-old female patient; (b) Immediate postoperative CT scan (axial view; soft tissue and bone window)following burr-hole craniotomy showing Mount Fuji sign signifying tension pneumocephalus; (c) Follow-up CT scan (axial view) after simple aspiration of air through the skin incision showing marked diminution of pneumocephalus; (d) Follow-up CT scan (axial view; soft tissue and bone window) before discharge showing nearly complete resolution of pneumocephalus](AJNS-7-66-g003){#F2}

![(a) CT scan (axial view) showing bilateral frontopareital CSDH in a 73-year-old female patient; (b) Immediate postoperative CT scan (axial view) following burr-hole craniotomy showing bifrontal pneumocephalus "Peaking sign"; (c) Follow-up CT scan (axial view) before discharge showing nearly complete resolution of pneumocephalus; (d) Follow-up CT scan (axial view) after 2 months showing complete resolution of pneumocephalus](AJNS-7-66-g004){#F3}

![(a) CT scan (axial view) showing left frontal CSDH with midline shift in a 85-year-old male patient; (b) Immediate post-operative CT scan (axial view) following craniotomy flap showing left frontal pneumocephalus; (c) Follow-up CT scan (axial view) before discharge showing near complete resolution of pneumocephalus](AJNS-7-66-g005){#F4}

![(a) CT scan (axial view) showing left frontopareital CSDH with midline shift in a 71-year-old female patient; (b) Immediate postoperative CT scan (axial view) following burr-hole craniotomy showing left frontopareital pneumocephalus; (c) Follow-up CT scan (axial view) before discharge showing complete resolution of pneumocephalus](AJNS-7-66-g006){#F5}
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Pneumocephalus (immediate and post-operative) in relation to the age
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###### 

Pneumocephalus (immediate and post-operative) in relation to the midline shift
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There was statistically significant increase in the incidence of immediate postoperative pneumocephalus in the patients aged over 60 years as well as those presenting with a midline shift more than 5 mm in their CT scan.

All cases of simple pneumocephalus did not show any neurological deterioration and did not require any specific treatment. We had two cases of tension pneumocephalus; the first case was a female patient aged 60 years with a right frontopareital CSDH presented with left hemiparesis. The patient showed improvement postoperative followed by progressive disturbance in the conscious level and follow-up CT revealed tension pneumocephalus. Simple aspiration of air through the skin incision using a syringe was tried and the patient showed a favorable outcome within hours after aspiration. The follow-up CT scan of this patient at discharge showed a marked diminution of the air collection with total resolution after two months. The second case of tension pneumocephalus was a 62-year-old male patient, presenting with headache due to a right frontopareital CSDH. After surgery, the patient was still complaining from severe persistent headache associated with vomiting. The follow-up CT scan showed signs of tension pneumocephalus, and the patient was managed conservatively. The treatment consisted of nursing in a flat position, administration of fluids, and supplemental breathing of 100% O2. The patient responded well to treatment and follow-up CT scans showed marked diminution in the volume of air.

Pneumocephalus at time of discharge {#sec2-4}
-----------------------------------

Postoperative CT scan performed at discharge showed the presence of pneumocephalus in 32% of the cases (16 patients) compared with 44% (22 patients) in the immediate follow-up \[[Table 2](#T2){ref-type="table"}\]. The most common age population in which pneumocephalus was observed was between 60-80 years detected in 11 patients (69% of cases of pneumocephalus), followed by age group more than 80 years in three patients (19% of cases of pneumocephalus), and lastly age group between 40-60 years in two patients (12% of cases of pneumocephalus) \[[Table 2](#T2){ref-type="table"}\]. Midline shift more than 5 mm was found in 12 patients, while in the other 4 patients, there was no midline shift or it was less than 5 mm \[[Table 3](#T3){ref-type="table"}\]. There was statistically significant increase in the incidence of pneumocephalus at discharge in the patients aged over 60 years as well as those with a midline shift more than 5 mm in the CT scan. The relation between the midline shift and the pneumocephalus at discharge was more significant than with immediate postoperative pneumocephalus.

Pneumocephalus at 2 months follow-up {#sec2-5}
------------------------------------

CT scan performed 2 months after discharge did not show any cases of pneumocephalus in the present series.

Pneumocephalus and recurrence {#sec2-6}
-----------------------------

In the present study, recurrence of CSDH was observed in 9 patients (18%). Pneumocephalus was a common finding in recurrent cases found in seven patients out of nine.

Post-operative surgical results {#sec2-7}
-------------------------------

According to the preoperative neurologic grading system of Markwalder *et al*; we had 17 patients (34%) grade 1, 20 patients (40%) grade 2, 9 patients (18%) grade 3, and 4 patients (8%) grade 4. Postoperative grading with the same system a time of discharge showed 20 patients (40%) with grade 0, 14 patients (28%) grade 1, 6 patients (12%) grade 2, 5 patients (10%) grade 3, and 5 patients (10%) grade 4 \[[Table 4](#T4){ref-type="table"}\]. Good post-operative results were considered in patients graded 0--2 and had been found in 40 patients (80%), while bad post-operative results considered in patients graded 3--4 were found in 10 patients (20%) \[[Table 5](#T5){ref-type="table"}\]. Four cases (8%) died within the hospital; two of them were grade 4 before surgery and the other two were grade 3.

###### 

Pre- and post-operative clinical grades according to the neurologic grading system of Markwalder *et al*.
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###### 

Post-operative results according to the neurologic grading system of Markwalder *et al*.
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With regard to the 22 cases who had shown pneumocephalus; preoperatively we had 8 cases (36%) grade 1, 5 (23%) cases grade 2, 5 cases (23%) grade 3 and 4 cases (18%) grade 4 \[[Table 4](#T4){ref-type="table"}\]. Postoperatively, good results were found in 16 patients (73%), bad results in 6 patients (27%) \[[Table 5](#T5){ref-type="table"}\]. The two cases of tension pneumocephalus showed good postoperative results. Three patients with pneumocephalus died, two of them were grade 3 preoperative, and one patient was grade 4.

With regard to the 28 cases without pneumocephalus; preoperatively we had 9 cases (32%) grade 1, 15 (54%) cases grade 2, and 4 cases (14%) grade 3 \[[Table 4](#T4){ref-type="table"}\]. Postoperatively, good results were found in 24 patients (86%), bad results in 4 patients (14%) \[[Table 5](#T5){ref-type="table"}\]. One patient died postoperatively, and he was grade 3 preoperatively. No statistically significant difference in the outcome between patients who had pneumocephalus after surgery and those who had not.

Discussion {#sec1-4}
==========

Chronic subdural hematoma (CSDH) represents one of the most frequent types of intracranial hemorrhage with a favorable prognosis when treated adequately.\[[@ref8]\] Pneumocephalus is commonly encountered after surgical evacuation of CSDH.\[[@ref4]\] Although simple pneumocephalus is typically asymptomatic, pneumocephalus of sufficient volume has been implicated in postoperative neurological insults.\[[@ref6]\] The latter refers to tension pneumocephalus which is a collection under pressure compared with the outside atmospheric pressure, when, in most circumstances, a valve mechanism allows air to enter the skull, but prevents it from escaping, thus creating a pressure differential.\[[@ref4]\] This makes a clear differentiation of simple pneumocephalus from tension pneumocephalus a very important issue as management of tension type is usually a surgical emergency unlike simple pneumocephalus which can be managed conservatively.\[[@ref4]\]

Incidence of immediate post-operative pneumocephalus {#sec2-8}
----------------------------------------------------

In the present series, surgical evacuation of CSDH was performed in 50 patients. The incidence of pneumocephalus in the immediate postoperative CT scan was found to be 44%. This was similar to what had been reported by Zakaraia *et al*.\[[@ref9]\] who reported a 40% incidence of pneumocephalus in a series of 40 patients treated with the burr hole craniotomy with irrigation with drainage. A lower incidence of pneumocephalus had been reported by Miele *et al*.\[[@ref3]\] who operated 44 patients for CSDH using twist drill craniostomy with closed system drainage and found pneumocephalus in 6 patients (14%). Miele *et al*.\[[@ref3]\] did not use irrigation in their series and this can explain their lower incidence of pneumocephalus.

Incidence of pneumocephalus at time of discharge {#sec2-9}
------------------------------------------------

The incidence of pneumocephalus in the CT scan performed at discharge in the present study was found to be 32%. This was in accordance with what was reported by Reasoner *et al*.\[[@ref10]\] who stated a gradual reduction of pneumocephalus in the follow-up CT scans.

Incidence of pneumocephalus at 2 months follow-up {#sec2-10}
-------------------------------------------------

In the present series, CT scan performed 2 months after surgery showed no cases of pneumocephalus. Similarly, Rychlicki *et al*.\[[@ref11]\]

studied 65 patients with CSDH who underwent twist drill craniostomy and short lasting continuous drainage. They found full recovery with this in 63 cases with no pneumocephalus.

Mechanism, incidence, and clinical presentation of tension pneumocephalus {#sec2-11}
-------------------------------------------------------------------------

It is known that tension pneumocephalus can arise as a complication of burr-hole evacuation of chronic subdural hematoma. It is thought to be due to air entering the subarachnoid space through the tear of the inner membrane and the arachnoid membrane.\[[@ref12]\] The commonly proposed mechanism for the development of tension pneumocephalus is the ball valve mechanism. According to this, hypothesis air enters the intracranial cavity through a defect whenever the extra cranial pressure exceeds the intra cranial pressure (e.g. while sneezing or coughing). After the air has entered the intracranial cavity, the raised intracranial pressure forces the brain parenchyma under pressure to block the entry site. Thereby effectively trapping the intracranial air.\[[@ref13][@ref14]\] As little as 25 ml of air is sufficient to cause tension pneumocephalus. Even partial replacement of fluid by air may cause neurological deterioration because the vulnerability of the brain to subdural air is quite variable from patient-to-patient and may actually involve more complex mechanisms rather than just physical compression.\[[@ref15]\]

Tension pneumocephalus was present in two cases (4%) among the 22 cases of pneumocephalus diagnosed in our series. This was consistent with what was reported in the literature\[[@ref16]--[@ref18]\] which stated a range from 0 to 16% for this specific complication after surgical evacuation of CSDH.

In the present series, simple pneumocephalus was asymptomatic while the presentations of tension pneumocephalus included; severe headache, persistent vomiting, and disturbed conscious level. Other presentations had been reported by Schirmer *et al*.\[[@ref4]\] and Standefer *et al*.\[[@ref6]\] who stated seizures, dizziness, hemiparesis, lethargy, and abducent nerve palsy as signs of tension pneumocephalus. Intracranial hypertension with downward herniation, air embolism, and cardiac arrest can be rarely associated with tension pneumocephalus.\[[@ref19][@ref20]\]

Diagnosis of tension pneumocephalus {#sec2-12}
-----------------------------------

In the present series, pneumocephalus was classified into simple and tension based upon the clinical and radiological criteria. Mount Fuji sign seen on the CT scan as well as progressive neurological deterioration were the main specific signs to differentiate simple from tension pneumocephalus. Mount Fuji sign seen on the CT occurs when the subdural air separates and compresses the frontal lobes, creating a widened interhemispheric space between the tips of the frontal lobes that mimics the silhouette of Mount Fuji. The characteristic separation of the tips of the frontal lobes indicates that the tension of the air exceeds the surface tension of the CSF between the frontal lobes.\[[@ref14][@ref21][@ref22]\] Mount Fuji sign alone in not considered a diagnostic for tension pneumocephalus in the present study as it was present in four cases; only two of them were associated with neurological deficit and diagnosed as tension pneumocephalus while the other two cases were asymptomatic. Similarly, Sandeep *et al*.\[[@ref23]\] proposed that Mount Fuji sign does not always signify tension pneumocephalus and may be seen in a few subsets of patients with non-tension pneumocephalus. Other complex mechanisms rather than just physical compression of frontal lobes may be responsible for the clinical symptoms and require further elucidation. Pop *et al*.\[[@ref5]\] had proposed "Peaking sign" as another sign of tension pneumocephalus. "Peaking sign" is characterized by large collection of air over the anterior and lateral portion of bilateral frontal lobes causing its compression. The air does not cause any separation of the tips of the frontal lobe, thereby leading to an appearance of a single peak in the midline. Pop *et al*.\[[@ref5]\] thought that the peak was formed by bridging veins entering the superior sagittal sinus. In the present study, "Peaking sign" was not considered as sign of tension pneumocephalus as it was observed in two patients who showed a favorable prognosis and didn't require any specific treatment. Ishiwata *et al*.\[[@ref24]\] identified "Air Bubble sign" as a sign of tension pneumocephalus (the presence of multiple small air bubbles scattered through several cisterns). The air bubbles enter the subarachnoid space through a tear in the arachnoid membrane caused by increased tension of air in the subdural space. This sign was not seen in the present series. The present series was concomitant with what was reported by other authors\[[@ref17][@ref22]\] who have concluded that Mount Fuji sign indicates more severe pneumocephalus than the Peaking sign and Air Bubble sign and this requires emergent management. Patients with suspected tension pneumocephalus should undergo serial imaging to ensure gradual reduction of the volume of intracranial air. CT has proven to be a quick and reliable method to follow intracranial air collections.\[[@ref4]\]

Methods to decrease pneumocephalus {#sec2-13}
----------------------------------

In our series, repeated saline irrigation and drainage were performed in all the cases. Postoperatively, drains were removed after 2--5 days. Zakaraia *et al*.\[[@ref9]\] compared the incidence of pneumocephalus with the burr hole craniotomy with irrigation with drainage with another technique of surgery without irrigation and drainage. They found a lower incidence of pneumocephalus with non irrigation group (26.2% versus 40%). The difference was not statistically significant. Similarly, Erol *et al*.\[[@ref2]\] compared the results of the cases of CSDH that underwent burr-hole craniostomy--irrigation (35 patients) with those undergoing burr-hole craniostomy--closed system drainage (35 patients). The postoperative pneumocephalus rate was higher in the irrigation group compared with non irrigation group (37% vs. 26%). The irrigation procedure may introduce air into the hematoma cavity increasing the incidence of pneumocephalus. The present study could not state this point as all the cases were operated using irrigation technique. It is thought that insertion of drainage tubes lead to tear of the arachnoid membrane and thus allowing air entering the subarachnoid space.\[[@ref12][@ref24]\]

In the present series, the patients were nursed in a flat position postoperatively in an attempt to reduce the incidence of pneumocephalus by decreasing the potential space in the subdural area. This was matching with what was reported by Misra,\[[@ref25]\] however, others\[[@ref3][@ref26][@ref27]\] prefer to elevate the patient\'s head of bed during treatment to decrease the intracranial pressure. This helps to reduce the incidence of recurrence by decreasing the degree of venous congestion and thus reducing pneumocephalus.

Several methods have been reported for reducing the occurrence of pneumocephalus. These include; endolumbar infusion of isotonic saline, ringer\'s solution or air during surgery, hyperhydratation of the patient, trendelenburg positioning of the patient with lowering of the head 30° horizontally and bed rest for up to a week, the replacement of the hematoma with carbon dioxide gas or oxygen, craniotomy without closure of the dura or replacing the bone plate, or an implant of a subcutaneous reservoir with a catheter introduced into the subdural cavity.\[[@ref17][@ref18][@ref26]--[@ref31]\] The treatment of pneumocephalus with supplemental breathing of 100% O2 had been demonstrated to be effective.\[[@ref4][@ref6][@ref32]\]

Treatment of pneumocephalus {#sec2-14}
---------------------------

In the present series, simple pneumocephalus did not require specific treatment, while in other two cases with tension pneumocephalus a specific management was followed. One case was managed conservatively in the form of adequate hydration, nursing in a flat position, and supplemental breathing of 100% O2. The second case was treated by simple aspiration of air using a syringe through the skin incision of the burr-hole. Similarly, Gelabert-González *et al*.\[[@ref8]\] had reported two cases (0.2%) of tension pneumocephalus in their retrospective study of 1000 patients harboring 1097 chronic subdural hematoma treated with burr-hole craniotomy with closed-system drainage. In one case, the air had to be aspirated though the burr-hole. Same finding was reported by Ishiwata *et al*.\[[@ref24]\] who treated tension pneumocephalus in their series by needle puncture of the subdural space through the frontal burr-hole. In contrast to the present study, Caron *et al*,\[[@ref17]\] presented a case of tension pneumocephalus after burr hole evacuation of bilateral chronic subdural hematomas. Their treatment was affected with combined twist drill closed system drainage and continuous intrathecal infusion of a physiological solution as a method of cerebral re-expansion. Also, Shaikh *et al*.\[[@ref33]\] reviewed 30 cases of tension pneumocephalus reported after burr-hole surgery for chronic subdural hematoma evacuation and all the patients had to undergo emergency decompression to reduce the increased subdural pressure due to tension pneumocephalus.

Pneumocephalus and recurrence {#sec2-15}
-----------------------------

In the present study, recurrence of CSDH was observed in nine patients (18%). Pneumocephalus was a common finding in recurrent cases found in seven out of nine patients. Similarly, in Zakaraia *et al*.\[[@ref9]\] series, in the patients with pneumocephalus, the postoperative recurrence rate was 7.3%, while in patients without pneumocephalus, the postoperative recurrence rate was 4.9%. This study indicated that there was a slight increase in the recurrence rate in patients with pneumocephalus. The irrigation procedure may introduce air into the hematoma cavity increasing the incidence of pneumocephalus, and this air may inhibit brain expansion and increases the rate of recurrence. The difference in the outcome between the two groups was not statistically significant. Also, Stanisic *et al*,\[[@ref34]\] studied 99 patients with 121 CSDHs, and found that a large amount of residual subdural air within four days post-surgery was strongly correlated with a high postoperative recurrence rate (24.2%), although below the level of statistical significance.

Postoperative surgical results {#sec2-16}
------------------------------

In the present series, with regard to the 22 patients who had shown pneumocephalus; postoperative good results were found in 16 patients (73%), and bad results in 6 patients (27%). With regard to the 28 cases without pneumocephalus, postoperative good results were found in 24 patients (86%), bad results in 4 patients (14%). The two cases of tension pneumocephalus showed good postoperative results. No statistically significant difference in the outcome had been found between patients who had pneumocephalus after surgery and those who had not.

Conclusion {#sec1-5}
==========

Pneumocephalus after surgical evacuation of CSDH is a common finding in the immediate CT scan as well as at time of discharge. Pneumocephalus is commonly associated with patients over 60 years as well those presenting with midline shift more than 5 mm on CT scan. Most cases of pneumocephalus are asymptomatic and respond to conservative therapy. In the present series, persistent headache and disturbed sensorium together with Mount Fuji sign in the CT scan were diagnostic for tension pneumocephalus. Tension pneumocephalus may not require surgical intervention and simple aspiration of air using a syringe may be sufficient for treatment. CT scans performed immediately postoperative as well as before discharge are important to exclude pneumocephalus as a cause for neurological deterioration after surgical evacuation of CSDH.
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